Objective: To classify adaptation difficulties, or lack thereof, experienced by a clinical population of young bilateral cochlear implant recipients.
Introduction
Cochlear implants have been provided to children with profound hearing loss since 1985. For many years, the standard care for such children was a unilateral cochlear implant. By the start of this century, over 20 000 children worldwide had received a unilateral cochlear implant, with clear evidence of benefit for the majority of pediatric recipients (see, for example, Archbold et al., 2009a; Dowell et al., 2002; Geers et al., 2008; Sarant et al., 2001) . More recently, a growing number of studies have demonstrated the potential for additional benefit to be gained from bilateral cochlear implants as compared with a single implant (see, for example, Dowell et al., in press; Galvin et al., 2010; Grieco-Calub et al., 2010; Lovett et al., 2010; Van Deun et al., 2010) .
As a result, bilateral implantation has become increasingly common worldwide: Peters et al. (2010) reported that the implant manufacturers' databases indicated there were 4986 children with bilateral implants. At many clinics, there are now three implant options: unilateral implantation, simultaneous bilateral implantation, or sequential bilateral implantation, so that preoperative counselling needs have become more complex and varied (Galvin et al., 2009b; Johnston et al., 2008) . The importance of pre-operative counselling in reducing stress and helping parents to make an informed decision has been made clear in a number of studies (Johnston et al., 2009; Johnston et al., 2008; Most et al., 2001 ). This counselling should include discussion of the process of adapting to the new implant(s). Such a discussion is important not just in decision-making, but also in helping the parents to prepare for the early post-operative period. The establishment of appropriate expectations with regard to the implant process overall has been recognized as an important part of the pre-operative process (Zaidman-Zait et al., 2005) .
Despite the number of children who have received cochlear implants, clinicians must still rely primarily on their own clinical experience and the anecdotal reports of other clinicians in providing information to families regarding the process of adapting to a new unilateral implant.
There is limited information in the published literature regarding aspects of adaptation such as the time typically taken to achieve full-time device use and the ease with which this occurs, or the proportion of children who initially resist wearing their unilateral implant. Published articles reporting information on device use primarily focus on those children who are limited or nonusers of their implant in the longer-term (Archbold et al., 2009b; Ray et al., 2006; Watson et al., 2005) . Watson and Gregory (2005) conducted parent and/or child interviews 5 to 7 years postimplantation, but did collect some information related to the early experiences of the five children involved, who were all non-users of their implant. Interestingly, it was reported that there "was resistance to the implant on the part of the children in each case from an early stage…..prior to the surgery in three instances" (pg 46). The attitude and/or experiences of these children in the early post-operative period is likely to be relevant to their outcome at 5 to 7 years postimplantation.
The information in the literature concerning the process of adapting to bilateral cochlear implants is also limited. Galvin et al. (2008) tracked the progress of ten children who received a second implant before 4 years of age. The authors reported that nine children were happy to wear their bilateral implants and were doing so full-time within 3 months, but that the tenth child had rejected the second implant. Galvin et al. (2010) tracked the progress of nine adolescents and young adults with sequential bilateral implants, and again reported the majority of participants were happy to use the bilateral implants and were doing so full-time within two months of receiving the second implant. A later report involved an additional 21 children, for a total of 40 participants who received sequential bilateral implants between the ages of 13 months and 19 years (Galvin et al., 2009a) . In this larger group there was a greater proportion of children who struggled to achieve and/or maintain full-time bilateral use, particularly in the age range 3.5 to 10 years. These reports indicate that the ease with which children adapt to bilateral implant use may vary with age. There have been no reports in the literature of adaptation to bilateral implant use for large groups of children in specific age groups, or for any simultaneously implanted children.
Such information is required if pre-operative counselling is to be appropriately targeted to individual children. It is also possible that the reports referred to above do not provide a valid representation of adaptation to bilateral implant use amongst the wider clinical population. The children tracked in the reports of Galvin et al. (2010; were all participants in an ongoing research project. Families and their children who volunteer to participate in such longterm research, which requires time and effort to attend test sessions and complete monthly interviews, may not be representative of the wider clinical population. Anecdotal information from clinicians has indicated that the proportion of children in the clinical population who experience difficulty adapting to two implants may be greater than that suggested by the reported progress of participants in the ongoing research program.
Clinicians need accurate information regarding the adaptation difficulties experienced by specific groups of children receiving bilateral implants. The clinician is then best placed to provide the pre-operative counselling required for families to make an informed choice, and also the postoperative support which minimizes the chance of adaptation problems occurring and helps to support the family in dealing with problems when they do occur. The aim of this study was to classify the adaptation difficulties, or lack of difficulty, experienced by a large group of children who were representative of the clinical population of children receiving sequential or simultaneous bilateral implants at or before 3.5 years of age at the Melbourne Implant Clinic.
Method
The first 48 children to receive bilateral cochlear implants at or before 3.5 years of age at The Eye and Ear Hospital/The University of Melbourne Cochlear Implant Clinic were considered for this study. Two children were not included: one child who subsequently moved overseas and another child who was sequentially bilaterally implanted in an ear which had been previously implanted and then explanted. Outcomes are therefore reported here for 46 children who are numbered in order of their operation date for bilateral implantation. Note that very early postoperative information for eight of the children was previously reported in Galvin et al. (2008) .
Presented in Table 1 is age at implant and time between implant information for the overall group, as well as for both the 27 sequentially implanted children and the 19 simultaneously implanted children. Mean age at first implant was similar across the sequential and simultaneous groups, though mean age at bilateral implantation was later for the sequentially implanted children. All of the sequentially implanted children were consistent full-time users of their first implant, as this was a prerequisite for a second cochlear implant. Table 1 : Mean (M), standard deviation (SD), and range of age at first implant, age at bilateral implantation, and time between implants for the sequentially implanted children, the simultaneously implanted children, and the overall participant group. 
Any type (n=46) 1;6 (0;7) 0;7 -3;6 2;0 (0;9) 0;9 -3;6 0;7 (0;8) 0;0 -2;1 Sequential (n=27) 1;4 (0;6) 0;7 -2;3 2;3 (0;8) 1;1 -3;6 0;11 (0;7) 0;3 -2;1 Simultaneous (n=19) 1;8 (0;8) 0;9 -3;6 1;8 (0;8) 0;9 -3;6 NA NA The children were classified into one of four categories based on the amount of time the two implants were used together at the two-month post switch-on point. This two-month point was selected so that minor issues around consistent device use in the early weeks, such as those which may occur before an appropriate map is established, were not included as "adaptation difficulties". Children who were cooperative in wearing both implants full-time at the two-month point were classified into Category 1. "Full-time" was defined as at least 90% of waking hours, so that behaviours such as not wearing both implants between bath and bedtime were not considered "adaptation difficulties". Children who wore the two implants together for a number of hours but not full-time at the two-month point were classified into Category 2. Children who wore the two implants together but only for a very limited amount of time were classified into Category 3, and children who did not wear the two implants together at all were classified into Category 4. For children classified into Categories 2 to 4, information regarding bilateral implant use was obtained up to the 12-month post switch-on point. For the children classified into Category 1, confirmation that full-time use of both implants was still occurring at the 12-month point was obtained.
Results
At the two-month post-operative point, 37 of the 46 children were classified into Category 1.
This group included 95% of simultaneously implanted children and 70% of sequentially implanted children. When followed up at the 12-month post switch-on point, 35 of these Category 1 children were using their two implants full-time. The remaining two children, both of whom were simultaneously implanted, had rejected their implants. One of these children had autism spectrum disorder, and the other child was being assessed for a neurological disorder.
The remaining 9 children were classified into Category 2 (n = 2), Category 3 (n = 5), or Category 4 (n = 2). Only one of these children was simultaneously implanted, and this child was classified into Category 3. Figures 1, 2 and 3 present the typical hours of bilateral implant use per day for the children in each of Category 2, 3 and 4 respectively in the first 12 months after switch-on of the second or both implants. As shown in Figure 1 , the two children in Category 2 were only using their two implants together for around 4 hours per day at the two-month point. These children had a preference for one implant over the other, which they indicated verbally or behaviourally. There was a tendency for the children to use only the preferred implant when tired, unwell, or upset. Rates of bilateral implant use improved for these children over the ensuing 12 months, with both using the two implants full-time by the 10-month point. As shown in Figure 2 , bilateral usage at the two-month point was a maximum of one hour per day for the five children in Category 3. The four sequentially implanted children in this group had a clear preference for their first implant. The simultaneously implanted child also had a clear preference for one implant over the other. Younger children in this group removed the coil of the non-preferred implant many times per day, and older children required encouragement from caregivers if they were to put on the non-preferred implant, and ongoing encouragement if they were to keep it on. Rates of bilateral implant use improved for these children over the 12 months, although improvement was sometimes slow and/or not maintained. By the 10-month point three of these five children were using the two implants full-time. As shown in Figure 3 , the two children in Category 4 had no regular use of the two implants together at the two-month point. For one of these children, usage increased significantly to 8 hours per day by the 12-month point. The other participant was still not wearing the second implant at the 12-month point. 
Discussion
Of the 46 children receiving bilateral cochlear implants at or before 3.5 years of age, 95% of simultaneously implanted children and 70% of sequentially implanted children were using their devices full-time within two months. Although full-time device use does not guarantee a particular level of benefit, it maximizes the child's opportunity to develop their listening skills with each implant and to develop binaural listening skills. At the time a child is implanted, the implant clinician cannot influence many factors which may contribute to the child's benefit from their implant(s), such as the age at onset and physiological consequences of the child's hearing loss, the level and quality of pre-operative hearing, pre-operative hearing aid use and chronological age. A primary area where the implant clinician can have an impact is in establishing and supporting full-time device use. The results of this study indicate that this is fairly straightforward to achieve for the majority of children implanted bilaterally at or before 3.5 years of age, particularly when the implants are received simultaneously.
The information obtained at the 12-month post-operative point indicated that nearly all children (95%) who were wearing their implants full-time at the two-month point were also doing so at the 12-month point. This reinforces the importance of achieving good patterns of device use in the early post-operative period. The two children in Category 1 who were no longer full-time users at the 12-month point both had an additional disability. Given the serious impact of longterm device rejection on the development of listening, speech production, and oral language skills, the outcome for these two children emphasizes the importance of continued monitoring of device use amongst children. Such monitoring is important even for those children who have accepted their implants and have been using the devices full-time. Significant events in the child's life, such as illness or a dramatic change in circumstances, can trigger stress which may manifest itself as a negative attitude towards implant use. A negative attitude may also develop in response to hardware faults (particularly ongoing intermittent faults) or the need for a significant map change which affect the quality of sound received by the child. Any suggestion of inconsistent use of either device is an important marker for the parents and clinician.
Bilaterally implanted children can express their stress or frustration by rejecting one implant whilst maintaining access to sound via the other implant. Parents and clinicians may consider such behaviour to be a relatively insignificant temporary problem because the child can continue to function relatively normally, however a significant break in device use then requires reintroduction of and adaptation to that implant. Intervening early when issues with device use first appear maximizes the chance that full-time device use can be maintained or quickly reestablished.
Despite the ease with which the majority of children adapted to bilateral implant use, adaptation
was not easy for a significant proportion (almost 20%) of the group. It was difficult to conclusively determine why adaptation was not easy for these individuals. Prior to the introduction of implant recognition technology, if the coil of the first implant was placed over the implant package on the second implanted side over stimulation was possible. Parent reports indicated that one child in Category 3 was resistant to using his second implant after this occurred. Another child in Category 4 developed a significant fear of the second implant and refused to be near it. This may have been due to an incident in hospital when the child placed the incorrect coil over the second implant package; the child may have been reacting over stimulation or to the fear expressed by the parents when this occurred. The long and unexpected absence of the mother from the family home may have also been a factor in the child's behaviour at this time. After 10 months work by parents and clinicians to reduce the anxiety associated with the second implant, this child began wearing the device. The remaining children simply did not want to wear the second implant. It can only be speculated as to whether this was due to a dislike of the sound provided via that implant, a dislike of change, or the child wishing to exert control. In some cases, different behavioural management techniques may have been successful in encouraging full-time use more quickly.
It is vital that the potential outcome of difficulty adapting to two implants, and the factors which may contribute to it, are discussed during pre-operative counseling so that parents are in an informed position. Strategies for managing bilateral implant use in the immediate post-operative period should also be discussed pre-operatively. This is particularly important if the parent feels their child may find change difficult. It is important that the caregivers are clear on what their own expectations are for implant use and how they plan to achieve that level of use. Assuming full-time bilateral use is the caregivers' goal for the child, this can be expected, encouraged and rewarded from the time of switch-on. This is arguably the best time for this to occur, as the initial map(s) is/are typically set conservatively in terms of the maximum amount of electrical stimulation provided. Maximum levels of electrical stimulation and so, theoretically, the level of sound perceived, are likely to be increased in subsequent mapping sessions. If consistent bilateral implant use has been established as a daily pattern of behavior early-on in this process, the child is given maximum opportunity to adapt gradually to the change in sound as the map is optimized over the first few weeks post-operatively. This may be particularly important for children receiving sequential bilateral implants as they have a first implant with which to compare the second implant, and potentially find it lacking in clarity or quality. Clinicians have an important role to play in supporting caregivers in establishing and maintaining bilateral implant use. Clinicians can also gain important information from caregivers' reports of device use which may influence the process of optimizing the map.
For the current group, when bilateral implants use was not full-time at the two-month point, some difficulties with consistent bilateral implant use persisted. Only five of the nine children in Categories 2 to 4 were using both implants full-time at the 12-month point. However, more positively, eight of the children did increase their daily use of their bilateral implants between the 2-and 12-month points, and only one child remained a non-user of their bilateral implants (i.e., their second implant) at the 12-month point. This result demonstrates that it is worthwhile for parents and clinicians to persist in encouraging and rewarding bilateral implant use even if the child has difficulty adapting to the two devices.
Numerous studies have suggested that receiving bilateral implants at a younger age and having a shorter time between implants may be positively associated with greater benefit being gained (Manrique et al., 2007; Peters et al., 2007; Scherf et al., 2007; Wolfe et al., 2007) . It is difficult to isolate the individual influence of these two factors given that they are usually related, with only older children able to have a long period between implants, and younger children being far more likely than older children to be simultaneously implanted. In the present study, these factors of age at bilateral implantation and time between implants were also positively associated with adaptation category. Although the relationships were statistically significant, they were not strong and there was overlap across the categories in terms of the range of time between implants and age at second implant. This indicates that, although younger children with a shorter delay between implants are less likely to have difficulty adapting to bilateral implants, individuals who are older and/or have more time between implants are not necessarily going to have difficulty adapting. The important point to make is that clinicians need to include discussion of the potential influence of age at bilateral implantation and time between implants in pre-operative counselling. This is relevant both for parents considering whether to minimize the time between implants and the age at bilateral implantation by opting for simultaneous implants, and for parents deciding whether and when to obtain a second sequential bilateral implant.
Interestingly, when the relationship between adaptation category and the factors of age at bilateral implantation and time between implants was examined for the sequentially implanted children only, no significant relationships were found. It may be that, for a child who is not simultaneously implanted and/or implanted at a very young age, time between implants and age at bilateral implantation may have less influence on adaptation than other factors. Such factors may be associated with the child (e.g., personality and flexibility) or the parents (e.g., expectations and behavior management strategies implemented). It is also possible that, with such small numbers of children in each of categories 2 to 4, the analysis was not sufficiently powerful to detect a relationship.
The significant relationships evident for the overall group between adaptation category and the factors of age at bilateral implantation and time between implants were likely strongly influenced by the very high proportion of simultaneously implanted children who had no difficulty adapting to bilateral implant use. The two groups differed in that the simultaneous group had, by definition, zero months between implants (compared with a mean of 11 mths for the sequential group) and were significantly younger at bilateral implantation (mean 1 yr 8 mths versus 2 yrs 3 mths; t(44) = 3.15, p = 0.003). Although it is not possible to separate out the influence of these factors, the authors propose that having zero time between implants is likely to be the more important factor. The first reason for this is that the simultaneously implanted child will only have experience of the sound of the two implants together. In contrast, the sequentially implanted child has experience with a different sound percept (i.e., that from the first implant alone) with which to make a comparison, and this comparison may be a negative one. Secondly, for the simultaneously implanted child, the two implants are likely to provide a similar percept in terms of familiarity, quality, and information content. Such a child is therefore less likely to have a non-preferred implant that they are tempted to remove. Thirdly, the simultaneously implanted child may perceive the two implants as a "set"; if such a child does not like the sound percept at all they may remove both implants, however it may not occur to them to remove just one implant.
It is important to note a limitation of the present study which may be important for clinical practice. The present participant group was drawn from the first 48 children to receive bilateral implants at the Melbourne Implant Clinic. It is fair to say, regarding the earliest bilateral implant operations, that the families involved were entering relatively uncharted territory. These 46 children and their families may not be entirely representative of the clinical population currently receiving bilateral implants as the clinical situation is now different. For example, more children with additional disabilities are now being considered for a second implant, simultaneous implants are more routinely offered, and parents now have some evidence on which to base their decision and to form their expectations of the post-operative experience.
In considering areas for future research, it will be of interest to revisit the group of children in the present study to collect information regarding device use in the longer term. This information can then be related back to the data reported here on the children's early post-operative adaptation to bilateral implant use. Whether early difficulties adapting to bilateral implant use are predictive of long-term limited device use and/or limited benefit are important clinical questions. There are also particularly interesting individual cases, the longer-term outcomes of which will be of interest to clinicians managing children with bilateral implants. For example, one child in Category 4 was not using the second implant at all at 12-months; at the time of writing the child's school and clinicians were attempting to re-introduce the second implant even though the child was now more than 3 years post-operative. Also, only one simultaneously implanted child had difficulty adapting to bilateral implant use, and this child had a strong preference for one implant over the other. Although full-time bilateral use was later reported for this child, it will be of interest to follow-up to determine if this initial bias appears evident in long-term patterns of device use and/or perceptual performance. Another area for further research is the process of adapting to bilateral implants for older children. Clinical experience and the reports of Galvin et al. (2009a) suggest that older children have more difficulty adapting than younger children. It is vital that clinicians have age-appropriate evidence on which to base their pre-operative counselling.
Conclusion
In this group of children receiving bilateral cochlear implants at or before 3.5 years of age, by far the majority of children had no difficulty adapting to the use of two implants. Even when fulltime use is establish quickly, clinicians and parents need to monitor device use, especially around the time of significant events in the child's life. Of those children experiencing some difficulty adapting to bilateral implant use, the majority were sequentially implanted. The majority of these children increased their daily use of bilateral implants over the first 12 months post-operatively.
There were significant, though only weak to modest, positive relationships between the category of difficulty adapting to bilateral implants and the time between implants as well as the age at bilateral implantation. These relationships did not appear to be present for the sequentially implanted group alone. It is vital that clinicians discuss the possibility of difficulties in the adaptation process with families considering bilateral implantation, and raise the potential influence of age at bilateral implantation and time between implants.
